S

-y o pees
WERELD myhe
fﬁﬁ

M'ARIZ()NA STATE
UNIVERSITY



#$ % &

*% +% (



4500+

Neutral Charged

Y (4660)
(4415) -
¥ (4360)\=—— y (4290) X (4350) B
" (4260)\ ——"y (4220) : DD, 4500} Z(4430)
K (A160) — _4p(4160) - Y (4140)D: D;
i ——— Y {4008} 2P) 2Dy D.D;
F1.(35) 61404UL;*5;—— Y3915 ctts - ilii ~ Z.(4250)
" e W . r FFT; " - g
}t3“4UJJT§TTﬁ};%[Zp} e \*%x?@*x“ﬂsz DD* g Z(4200)
L2(25) - B 11Dy pp =
I ¥(25) _ 3 Z(4020) Z1(4050)
h.. Xel Xc2 = 1000}
Xc0 i Z.13900)
g/
Tle
0- 1-- 1+ o+ 1+ 2+ 2= 77 Jr 1+ 2T

Black: Observed conventional states
Blue: Predicted conventional states
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diquark-diantiquark

hadrocharmonium

cusp effect:
qq-gluon“hybrid” Resonance created by rapid

D° — D™ “molecule” opening of meson-meson threshold

Image from Godfrey & Olsen,
Ann. Rev. Nucl. Part. Sci. 58 (2008) 51
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Powerpoint version containing animations available
by request, richard.lebed@asu.edu
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It does happen, as soon as the threshold 1 ,, 45 MeV is passed
The lightest exotic above this threshold, X(4632) , decays into / o+ &,
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Since this is still a % 6 % color interaction, just use the Cornell potential:

49. #9 . [ = .
7(8) —E*:S* — (ﬁ) >?@BC, ) G+

[This variant: Barnes et al., PRD 72, 054026 (2005)]

N . —=$
Use that the kinetic energy releasedinD EF ?*G 445 converts
into potential energy until the diquarks come to rest
Hadronization most effective at this point (WKB turning point)

8, 1JK

AN

4 A




1225:12)H  says:

L M[G’ 445 NO P# 7]
L M[G° 445 N QO# ?]
and LHCDb has never even reported seeing the QOmode

RST

JK
8, 1JK

AN

By 1K
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Re ()

(Normalized
to unity at sy,
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M,: Bare resonant pole mass
Threshold s value [here (3.872 GeV)?]

S
Mpoe: Shifted pole mass

Relative size of
pole shift (about

C (|

0.0010-
0.0008+

0.0006-

0.12% near Sy,
or 5 MeV)

0.0004-

0.0002-

At the charm scale,

a cusp from an opening
diquark pair threshold
Is more effective than
one from a meson pair!
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